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® Halogenatsd dlphenyl ether derivatives. 

@ The invention providss novel compounds of fomiuia : 
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wherein X Is selected from bromine and chlorine, useful as intermediates in the preparation of insecticidal 
compounds. The invention also provides two methods of preparation of the novel compounds mentioned 
hereinabove and novel intermediates useful in these methods. 
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HALOGENAm) DIPHB4YL ETHER DERiVATfVES 



Tbas invention relates to novel hatogenated diptienyl ethers, useful es intennedialse in the preparation of 
insecticidal compounds, and to methods and intamnediates for their preparation. 
In a first aspect,' the invention provides novel compounds of formula (I): 



to 



(I) 



15 



20 



wherein X is selected from bromine and chlorine. The specific compounds according to the invention are: 
4^romo-1-fluoro-2-phenoxybenzene, and 
4-ch)oro-1-ifluon)-2«t3henoxybenzene . 

The compounds of formula (I) are particuJarly useful as intermediates for the preparation of Insecticides. 
UK Patent Spediteatfon No. 1.561.975 discloses the use of l-bromo^S-phefXixybenzene as an intermecSate 
In the preparation of insecticldally active alpha-bifluoromethyf-S-phenoxy-benzyl esters of carboxylic acids. 
Use of the compound of formula (I) wherein X is bromine In a manner analogous to that descnbed In UK 
Patent Specification Mo. 1.561,575 provides alpha*tr]fluoromethyt-3-phenoxy-4-fluarobenzyl alcohol. This 
process is tllustrated in Scheme I. . 
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Scheme 1 
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Key : LiTHAL a lithium aluminium hydride 
Et20 = Diethyl ether 
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The compound of formula (I) wherein X Is bromine may also be used In the preparation of 4-fluoro-3- 
phenoxybenzaldehyde, a useful Intermediate in the preparation of insecticldal compounds, for example 4- 
fiuoro*3-phenoxybenzyl esters of cyctopropanecarboxylic acids and alpha-substituted derivatives Uiereof. 
One method of preparing 4*fluoro-3-phenoxybenzaldehyde follows the method of Olah and Arvanaghi. 
5 Angewandte Chemie, Internatlonat Edition, 20, p 678. 1881 and Is lllustratBd in Scheme II. 

Scheme II 
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4"Ruoro-3-ph9noxybenzaldehyde may also be prepared from 4-bronru>-1-fluoro-2-phenoxybenzene by 
^ the method of Einhom and Luche, Tetrahedron Letters, 27, p 1791, 1986, as ilhJstratBd in Scheme III: 



Scheme III 
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(i) Li/DMP H-ii 
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(ii) H+ZHjO 



Key 5 DMP = N,N-Dimethyl£orinamide 
THF = Tetrahydrofuran 

4-Ruoro-3-phenoxybBn2aldehyde is a useful intermediate In the preparation of 4-fluoro-3-phenoxyt>en- 
zy! alcohol and its alpha-substituted derivatives, and insecticldal esters thereof* An example of its use is in 
the preparation of alpha-cyano-4-fluoro-3iDhenoxybenzy I 3-(2-chloro-33.3-trif luoroprop-l -en*1 -y l)-2,2- 
dimethylcyclopropanecarboxylate, according to the method described In UK Pat^t Application No. 
2.161 ,804A. This process is illustrated In Scheme tV. ^ 
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Schexne IV 
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A further use of the compounds of formula 0) is in the preparation of compounds of formula OQ. wher^n 
^ R represents alkyi, useful as Intemnediates in the preparation of the Insecficldal compounds described In the 
applicants' copending UK Patent Application IMo. B703741. 




(II) 

45 The compounds of formula (li) may bB prepared from the compounds of formula (I) by the Heck 
reaction, using, for exanple, ^e method of Jeffery, Chemicai Communications, 1084, p 1287. The 
preparation of methyl 3-(4-fiuoro-3-phenoxyphenyl)propenoate from 4-brQmo-1-fluoro*2-phenoxyfaenzene, 
and the subsequent conversion to 1*1 J-trifluoro>2^(4-ethoxypiienyl>-5*(44luoro-3-(^ienoxyphenyi)pentane, a 
compound which is disclosed In UK Patent Application IMo. 8703741, Is Illustrated In Scheme V. 

60 In a furtlier aspect, the invention provides a first process for preparing the compounds of formula (1), 
which comprises as a iirst step the diazotlsation of 2-fIuoro-5-haloanliines of formula <li{): 
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(III) 



10 



wherein X is selected from bromine and chlorine, followed by the addition of tiie resultant diazonium salt 
solution to a cooled solution of an aJIcali metal iodide, for mmpie, potassium Iodide. This proceae leads to 
the formation of 4-halo-1*fluoro-2-iodob6nzenas of formula (iV) : 



IS 




(IV) 



20 



The compounds of formula (IV) may then be converted to the compounds of formula. (I) by reaction with 
phenol in the presence of a strong base and an Ullmarm catalyst, sucli as copper or a copper salt for 
e}(ample cuprous chloride. This process is illustrated, by way of example, in Scheme VI. 
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Scheme V 
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Scheme VI 
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The 4-halo*l-fiuoro-24odobenzen8s of formula (IV} are believed to be novel. In a further aspect, 
^ therefore, the invention pro^des conrvpounds of fbrmula (]V)» wherein X is selected from bromine and 
chlorine. 

The compounds of fomula (1) wherein X Is bromine may also be prepared from 4-fluoro-3-phenoxyben- 
zaidehyde. In a further aspect therefore, the inventfon provides a second process for the preparation of the 
compounds of formula (I), In which 4*fIuoro-3-phanoxyb8nzaldehyde Is first oxidised to 4-fluoro-3-phenox- 

^ ybenzoic add, for exampfe by the action of sodium periodate In the presence of ruthenium trichloride, using 
tlie method of Carisen end Shaiptess, Journal of Or9anic Chemistry, 46. 3936, 1981. The acid is then 
converted to the acid chloride derivative using, for example, thionyl chloride. 4-Bromo-l-fluorD-2-phenox- 
ybenzene may then be obtained from the acid chloride by reaction with bromotrichtoromethane in the 
pre^nce of an allcaB metal salt of 2-pyridlnethiol 1 -oxide and a radical initiator using the rhethod Illustrated 

^ by Barton et al. Tetrahedron Letters, 24, 4979, 1983; Tetrahedron Letters, 26, 5939, 19B5i This process is 
illustrated in Scheme VII. 
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Scheme VII 
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Key : AIBN « ^ # ()(, azo-bis-isobutyronitrile 

Furiher details of the processes of the faivention are g(v^ in the following Bcamples. 

\n the Examples the products were usually identified and characterised by means of Nuclear Magnetic 
Resonance spectroscopy and infra red spectroscopy, in each case where a product is specificaiiy named 
Its spectral charaderisttcs are consistent with the assigned sfaructure. Except where stated otherwise, 
exemplified conipounds having one or more asymmetrically substituted cari)on atoms were prepared in 
racemicform. 

In the Examples. Gas Liquid Chromatography (QLC) retention times were determined on a Hewlett 
Packard 5890 Gas Chramatograph, using a Chromopak CP. Sil 5 C.B. column of 12.5M length and 0^ mm 
Internal diameter. Unless otherwise stated, the injection tsmpemture was lOO^'C, and a temperature gradient 
of 15°C/minute employed, up to a maximum temperature of 280 maintained for 4 minutes. The canler 
gas was helium at a column head pressure maintained at 11 psi. Alternative Injection and maximum 
temperatures are indicated in the Examples where appropriate. 

Nuclear A4^netic Resonance (NMR) spectrometry was performed at a frequency of 270 MH2 on a 
Jeol FX 270 NMR spectrometer, unless otherwise indicated. 90 MHz, 60 MHz and 400 MHz ^H NMR 
spectrometry were performed u^ng Jeol FX 90Q, Jeol PMX 6081 and Jeol QX40D spectrometers 
respectively. 

1^ NMR spectrometry was performed on a Jeol FX90Q spectrometer at a frequency of 84.26 MHz. All 
NMR shift values are quoted in ppm relative to a standard. (TMS or CFCI3}. 

Molecular Ion (M^) peaks were detennined on one of three mass spectrometers: Jeol 0X303. Kratos 
MS80 or Hewlett Packard HP 5992. 
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EXAMPLE 1 

This Bcample IDustratas the preparation of 44)romo-1-fJuoro-2-iodob6nzene. 

A solution of sodium nitrite (1.71g) in water <4 cnfl) was added dropwlse to a stirad mixture of 5- 

s bromo-2-fluoroanlIlne (4.5g). water (15 cm^. ice (I5g) and concentrated sulphuric add (1.8 cm^ at a 
temperature maintained at O-S^C, The reaction mixture was stin^d for 30 minutes, and further concentrated 
sulphuric acid (0.4 cm^ added. The resultant solution, containing &>t>nDmo-2-fiirorol>enzGr^iazonium 
sulphate, was then added dmpwise to a solut'on of potassium iodide (4^3g) in water (10 cm^) at a 
temperature of 5-6°C; vigorous effervescence was ol^served during the addition. When the addition was 

70. complete, the reaction mixture was allowed to warm to the ambient temperature (22^'C) btkI was then 
extracted twice with diethyl ether. The combined extracts were washed successively with brine and sodium 
thlpsulphate solutions, dried over anhydrous magnesium sulphate, fittered smd concentrated by evaporation 
of ttie solvent under reduced pressure. The residual oil waa purified by flash column chromatography, using 
a ^iica gel support and luting with petroleum ether (boiling range 40-60'*C> containing 4% by volume 

IS diethyl ether, to ghre 4>bromo-l*fluoro*2-iodobenzene (4.63g) as a colourless olL 
^Hnmr(CDCb): 

8.95 (dd, 1H): 7.40 (m, 1H); 7.90 (dd, 1H). 
Infra red (liquid film) : 

20 3090. 1580, 1470, 1370, 1260. 1240. 1230. 1130. 1082. 1070. 1040. 875. 820, 670. 620 cm*\ 



SB EXAMPLE 2 

This Example illustrates the preparation of 4-bmmo*1-fluoro-2-phenoxybenzene. 
A solution of phenol (0.51 5g) in N,N^lmethylfomnamide (10 cm^) was added dropwlse to a suspension 
of sodium hydride (0.329g) in N,N-dlmethylfonnamlde (10 can^) at a temperature of 0"C under an inert 

00 atmosphere of nitrogen. When the addition was complete, the coofing source was removed and the mixture 
stirred for 2 hours at the ambient temperature (22''C). Cuprous chloride (0.452g) and a solution of 4-bromo- 
l-fiuoro-2-lodoben2ene (1.37g) in N^N-dlmethylformamlde (10 cm^) were added to the mixture, which was 
heated at lOO^'C for 17 hours; at this time, the reaction mixture was shown by gas liquid chmmatography to 
cont^n only a smsdl residue ot the unreacted starting material. The mixture was cooled and extracted with 

S6 diethyl ether. The extract was washed twice with water and once with , brine, dried over anhydrous 
magnesium sulphate, filtered and concentrated by evaporation of tiie: solvent under reduced pressure. The 
residual oil was passed through a short column of silica gel. using petrdeum ether (boiling range 40-80^C) 
conuuning 10% by volume diethyl ^er as eluent. Evaporation of the solvent under reduced pressure gave 
a dear, pale brown oil (0.92g). Distiilation of this oil at reduced pressure (0.03 mmHg) yielded a number of 

40 fractions in a boiling range of 50-80"C. Two of these fractions were shown by tfiin layer chromatography to 
contain principaliy a single reaction product These two fractions were combined and purified by preparative 
thin layer chromatography on a silica get support, using petroleum ether (boiling range 40^''C) as eluent 
4-Bromo-1-fiuoro-2-phenoxybenzene (0.052g) was obtained as a coiourieas oil by evaporation of the eluent 
under reduced pressure. nmr (CDCta) : 

45 6.9-7.4 (m) 

270 MHz «C nmr (CDCb) : . 

158.46 (s, 1C); 153.33 {d. 1C); 145.10 (d. 1C): 129.91 (s. 2C); 127.21 (d. 1C); 124.20 (s. IC); 123.94(6. 1C); 
1 18.31 (d. 1 C): 1 1 7.97 (s, 2C); 1 1 6.34 (d. 1 C). 

00 

Infra red (liquid film) : 

3100-3000, 3000-2800. 1600, 1495. 1460. 1405. 1275. 1250. 1220. 1190. 1170. 1120, 1075. 1025, 910. 880. 
810, 755. 895. 630 cm"*. 

55 
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this example iOustrates the preparation of 4*fluoro*3i)h6noxybenzoic acid. 

4-Fluoro*3-phenoxybenzaldehyile (I5g) was dissolved in a mixture of cart>on tatrachlorlde (138 cm^) 
6 and dcefonltrile (136 cm^). and water (207 cm^ was added. Sodium psriodate (31i!tg) was added and the 
mbdure stirred vigorously whilst hydrated ruthenium chloride (0.d5g) was added. After two hours of stirrmg 
at the ambient temperature, analysis by thin layer chromatography showed some remaining aldehyde. 
Further sodium periodate (31 ^1g) was added and stining continued for 1 hour, at which time analysts by 
thin layer chromatography showed no starting material. The mixture was partitioned between dich- 
10 loromethane and water, and the aqueous phase separated and extracted three further times with dich- 
loromethane. The combined organto layers were dried over anhydrous magnsdum sulphate and the 
solvents evaporated under reduced pressure to give a brown oil, which was cfissdived In diethyl ether and 
ehalcen with aqueous sodium hydroxide solution to extract the acid as the sodium salt. Acidification of the 
aqueous solution gave a white solid wMch was re-extracted with diethyl ether. The ethereal layers were 
75 washed with water, dried over anhydrous magnesium sulphate and the solvent evaporated under reduced 
pressure to give the thie compound as a white solid (13^g}. NMR (CDCb) (ppm) : 
8^7.4 (6H.m): 7.6-7.9 (2H,m): 11-9 (1 H. broad) 



EXAMPLE 4 

This Example Illustrates the preparation of 4-f tuoro-3-phenaxybenzoyl chloride. 
£5 4-Fluoro^phenoxybenzdc acid (13.35g) was mixed with thlonyl chloride (65 cm3) and the mixture 
heated at the reflux temperature for 20 minutes. The mixture was cooled and excess thlonyl chloride 
evaporated under reduced pressure to leave the acid chloride as a brown oil (14.87g). This product was 
used directly in the method of the following Example. 



EXAMPLE 5 

This Example illustrates the preparation of 4-bromo-1-fiuoro*2-phenoxyben2an6. 
The sodium salt of 2*pyrldlnethiol l-oxideL(8^g) was suspended in bmmotrlchloromethane (287 cm^) 
95 under an atmosphere of rutrogen.in a reaction vessel covered with aluminium foil to exclude aght. The 
stirred mixture was heated to the reflux temperature and a solufion of 4-fiuoro-3-phenoxybenzoyi chloride 
(14.87g) and , -azo*bls-i80butyronitrfle (1.67g} in bromotrlchloromethane (297 cm^) was added dropwise to 
the refiuxing mixture over 90 minutes using a syringe pump. Refluxing was continued for a further 1 houn at 
which time analysis of a withdrawn sample by gas liquid chromato^aphy showed only a trace of remaining 
40 acid chloride. 

The mixture was cooled and partitioned between water and dichloromethane. The aqueous layer was 
separated and extracted twice with dichloromethane. The combined organic layers were washed witii brine, 
dried over anhydrous magnesium sulphate ar^ concentrated by evaporation under reduced pressure to 
leave a vbrown oil. Traces of acid and acid chloride were removed by etinring the product in two molar 

4$ aqueous sodium hydroxide solution for 10 minutes. Acidification of the aqueous solution gave 7.05g of 
recovered 4-fluQro-3-phenoxybenzDic acfd. The reaction product was extracted from tiie aqueous solution 
wHh diethyl ether, the ether layer dried over anhydrous magnesium sulphate and the sblvent evaporated 
under rechiced pressure to ghm a brown oil. This oil was purified by column chromatography on silica gel, 
eluting witii petroleum ether (boiling range eo-SO'^C) cont^ning 10% by volume diethyl etiier. Two products 

so were obtained in separately eluted fractions: 
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Product A: m NMR (CDCb) <ppm) : 
a75 OH,m): 7.80 (2H^); 7.40 (lH,m) 

QLC retention time : 3.36 minutes 

Idei^iiied by mass and NMR spectrometry as 2-(trichIoromethytihio)pyridine 



Product B : (5£5g} NMR (CDCI3) (ppm) : 
10 6.95-7.4 (aromatic H, m) 

Infra red (liquid film) : 

1589. 1488. 1269. 1213 cm*3 (major peaks only) 

76 Molecular Ion : 
266/266 

QLC retention time : 
4.42 mmutes 

20 Identified as the required 4-bromo-1^fluoro-2-phenoxyt)enzene. 



Claims 

25 

1 . A compound of fonnula : 

. 'X) 

36 

wherein X Is selected from bromine and ohfcHine. 

2. A process for preparing a compound according to claim I which comprises reacting a compound of 
fonnula : 

40 



46 




wherein X is selected from bromine and chlorine, with phenol In the presence of a strong base and an 
^0 uilmann catalyst 

3. A process for preparing a compound according to claim 1 which comprises the step of 
(a) cfiazotlsation of a compound of fomnuia : 
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wherein X is selected from bromine and chlorfne. followed by the step of 
'0 (b) reacting the diazonlum salt produced in etep (a) with an alkali metal iodide to produce a 4-haio-1« 

fluoro-2-lodobenzeno of fomnuia : 



F 



IS 




so followed by the step of 

(c) reacting the product of step (b) with phenol in the presence of a strong base and an Uilmann 
catalyst 

4. A compound of formula : 



25 




30 ^ 

wherein X is selsctBd from bromine and chlorine. 

6. A process for preparing a compound according to daim 4 wiilch comprises the step of 
(a) diazotlsation of a compound of formula: 

3B 



40 




X 



wherein X is selected from btomine and chlorine, followed by the step of 
45 (b) reacting the diazonlum salt produced in step (a) with an aikali metal iodide. 

6. A process for preparing 4-bromo-1-fluoro-2*phenoxybenzene which comprises rsacQon of 4-fiuoro-3- 
phenoxybenzoyi chloride with bromotricfiloromethane in the presence of an atkall metal salt of 2> 
pyridinethiol 1-oxide end a radical irntiator. 

7. 4-Bromo*1-fiuoro-2-phenox^3en2ene. 
50 8. 4-Chloro*1-fluoro-2-phenoxybenzene. 

9. 4-Bromo-1-fIuoro-2-lodQl5enzene. 
10. 4-Chioro-1^uoro»2-iodobenzene. 



65 



12 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appiicitiofl number 



EP 87 30 4449 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, whwrm ipproprialih 
of rvtavant passagas 



ANALYTICAL CHEMISTRY, vol. 33, 
no. 6, May 1961, pages 
657,689,690; H.J. SLOANE: 
"Correlation of an infrared 
absorption band in the 10- to 
11-micron region with the 
3**svibstituted phenoxy group" 



EP-A-0 057 384 (BAYER) 
* Claim 4 * 



US-A-3 257 471 (D.J. HENNESSY) 
* Column 6, lines 16-50 * 



Tha praaant aaareh raport haa baao drawn up for all claima 



Ralevant 
to claim 



4,5 



CLASSIFICATION OF THE 
APPLICATION (Int. CI 4) 



c 


07 


C 


43/29 


c 


07 


C 


25/13 


c 


07 


C 


41/16 


c 


07 


C 


41/22 


c 


07 


C 


17/22 



TECHNICAL FIELOB 
SEARCHED <liiLCI.«) 



C 07 C 43/00 
C 07 C 25/00 



PlacaolMireli 

THE HAGUE 



0«M of eompMlon ei tht 8Hrcii 
29-09-1987 



BxamiiMr 
WRIGHT M.W. 



8 

§ 

g 
i 

S 

Oi 



CATEGORY OF CITED DOCUMENTS 

X: particularly relevant If taken atone 

Y : particularly relevant if combined wltli another 

document of the same category 
A : technological baclcground 
O: non-writfen disclosvro 
P ; jntermedrate document 



T: theory orprinclple underlying the invention 
E : eariiar patent document, out pubUehed on. or 

after the filing date 
0 : document cited In the application 
L ; document cited for other reaaona 



member of tha same patent tamily, corresponding 
document 



BN8D0CID:<ER 



02SS6fi2Al.L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

j& LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



